A b s t r a c t
A unifing theory of spatiotemporal brain dynamics should incorporate multiple spatial and temporal scales. Between the microscopic (local) a n d Nunez assumes linearity of the PDEs in his search for solutions. In t h e Appendix he considers some of the effects of nonlinearities on his model. These considerations, however, do not develop some important aspects of nonlinearities that have crucial impact on the properties of brain dynamics at various scales. In particular, the static sigmoid input-output nonlinearity governed by the thresholds and refractory periods of n e u r o n s introduces amplitude-dependent nonlinearities, which are crucial for t h e rapid and repetitive phase transitions that characterize normal b r a i n function (Freeman, 1992 (Freeman, 1975) .
PDEs suffer from the limitation that analytic kernels are usually r e q u i r e d to get satisfactory solutions, and these are hard to come by in spatial organizations of brain activity. For this reason we prefer to u s e integrodifferential equations or their compartmentalized equivalent,
arrays of difference equations solved by numerical integration. IDEs also facilitate computations of chaotic attractors.
The role of mesoscopic elements in brain dynamics
For heuristic purposes we define an intermediate level of brain function between single neurons or sparse networks of dendritic bundles a n d cortical columns operating at a microscopic level, and those large b r a i n parts whose activities are observed with scalp EEG, fMRI, PET, a n d comparable optical imaging techniques in humans. We find it necessary t o introduce the mesoscopic level to interpret data taken with 8x8 arrays of electrodes over cortical surfaces (Freeman, 1992 ; Barrie, Freeman a n d Lenhart, 1996) . These domains having diameters of 0.5 to 2 cm are m u c h larger than columns, barrels and glomeruli, but they are at or below t h e lower limits of spatial resolution by macroscopic methods. Mesoscopic effects operating at spatial and temporal scales of 1 cm a n d 100 ms mediate between the two extremes of single neurons and t h e major lobes of the forebrain. They correspond in size to Brodmann's a r e a s and in duration to psychophysical events that compose perceptions.
Mesoscopic effects provide a link between extreme local fragmentation a n d global unity. They change continually in space and time, requiring a v e r y close relationship between dynamic events, e.g., EEG bursts, and the m e d i a through which the propagation occurs. This requires a nonlinear approach (Skarda and Freeman, 1987; Freeman, 1992) . In physics the importance of intermediate-range effects is well recognized (Kozma, 1998).
We illustrate the problem with Nunez' ocean wave analogy. 
